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Ab stract: The newly dis cov ered White Mesa tracksite in the Burro Can yon For ma tion rep re sents a snap shot of a
di verse, Lower Cre ta ceous di no saur fauna from south-east ern Utah. The tracks were found at a con struc tion site
where the sand stone had been bull dozed and bro ken up. All tracks were found as deep, well-pre served nat u ral
casts on the un der side of the sand stone slabs. In di vid ual theropod tracks are 19–57 cm in length; one pe cu liar track 
shows ev i dence of a pos si ble patho log i cal swell ing in the mid dle of digit III and an ap par ently didactyl track is
ten ta tively as signed to a dromaeosaurid. In di vid ual sauropod tracks are found with pes lengths of 36–72 cm, and
in ter est ingly, three dis tinct shapes of manus tracks, rang ing from wide ba nana shaped to rounded and hoof-like.
Or ni tho pods are rep re sented with in di vid ual tracks 18–37 cm in length; a sin gle track can pos si bly be at trib uted to
the thyreophoran ichnogenus Deltapodus. Zir con U-Pb dat ing places the track-bear ing layer in the Barremian,
con tem po rary to the lower Yel low Cat Mem ber of the Ce dar Moun tain For ma tion, which has a sim i lar fau nal
com po si tion based on both tracks and body fos sils. This new track-fauna dem on strates the ex is tence of a di verse
dino saur ian as sem blage in the lower part of the Burro Can yon For ma tion, which hith erto is not known to yield
skel e tal re mains. 
Key words: Di no saur tracks, Lower Cre ta ceous, Barremian, Utah, pa thol ogy, di no saur fauna.
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IN TRO DUC TION
Lower Cre ta ceous tetrapod tracks from east ern Utah are 
known from at least nine tracksites, all in the Ce dar Moun -
tain For ma tion. Col lec tively these tracksites are ev i dence of 
a di verse dino saur ian fauna, in clud ing the ma jor di no saur
groups: theropods, sauro pods, or ni tho pods, thyreophorans
and birds (Lockley et al., 1999, 2004, 2012, 2014a, b, 2015; 
Wright, et al., 2006). In 2008, a team from the Di no saur In -
sti tute of the Nat u ral His tory Mu seum of Los An geles
County (Thornbury Di no saur Ex pe di tion) dis cov ered a di -
verse dino saur ian ichnofauna at a con struc tion site in the
Burro Can yon For ma tion, near Blanding in south-east ern
Utah (Fig. 1). Un til then, the Burro Can yon For ma tion had
yielded just a hand ful of fos sils and with the ex cep tion of a
sin gle find close to the top of the for ma tion near Moab
(Kirkland et al., 1997; Tay lor et al., 2011), no re mains of di -
no saurs.
The aim of this study is to de scribe the first re cord of di -
no saur tracks from the lower part of the Lower Cre ta ceous
Burro Can yon For ma tion from a new site dubbed the White
Mesa Tracksite, due to its prox im ity to the small town of
White Mesa, San Juan County. Bu reau of Land Man age -
ment reg u la tions does not per mit pub li ca tion of pre cise site
lo ca tion, but the lo ca tion data can be ob tained from the Nat -
u ral His tory Mu seum of Los An geles County, site num ber
LACM 7711. All tracks re ported in the pres ent study were
col lected from lands ad min is tered by the US Bu reau of
Land Man age ment and are now part of the col lec tion of the
Nat u ral His tory Mu seum of Los An geles County (LACM
154070–154075, 154078, 154079, 154081–154084, 154086–
154088 and 154322); two large sauropod pes casts were left in
the field due to their size, weight and in ac ces si bil ity.
GEO LOG I CAL SET TING
The White Mesa Tracksite is lo cated in the lower part
of the Lower Cre ta ceous Burro Can yon For ma tion, to the
east of White Mesa and Blanding, Utah (Fig. 1). The tracks
are in a lat er ally ex ten sive, rel a tively flat-bed ded sand stone
bed that lies at the top of a grav elly, trough cross-bed ded
sand stone 3–7 m thick that was de pos ited as the first unit
above the un con formity at the top of the Up per Ju ras sic
Mor ri son For ma tion (Fig. 2A, B). This oc cur rence, at the
top of a fin ing-up ward se quence, rep re sents the typ i cal con -
text for a track as sem blage as it in di cates that tracks were
made dur ing a hi a tus fol low ing a depositional event.
The Burro Can yon For ma tion was first de scribed near
Slick Rock in west-cen tral Col o rado by Stokes and Phoe nix
(1948). It is a flu vial unit that con sists of peb bly chan nel
sand stones and green floodplain mudstones. Stokes (1949,
1952) also de scribed the con tig u ous Ce dar Moun tain For -
ma tion in east-cen tral Utah (Kirkland et al., 1997, 1999;
Kirkland and Madsen, 2007). These for ma tions are dis tin -
guished on the ba sis of thick ness, peb ble size, and palaeo-
cur rents (Craig, 1981). Ac cord ing to Craig (1981), both
units were de pos ited atop the Up per Ju ras sic Mor ri son For -
ma tion and formed a broad al lu vial plain, with rivers flow -
ing from high lands to the south, de pos it ing the sed i ments of
the Burro Can yon For ma tion, while those flow ing to the
west de pos ited the ma te rial of the Ce dar Moun tain For ma -
tion. The south west-flow ing (mod ern) Col o rado River has
served as the ar bi trary bound ary be tween the Ce dar Moun -
tain (north west) and Burro Can yon (south east) For ma tions
(Craig, 1981). The Burro Can yon For ma tion is not pres ent
south of the San Juan River in south ern Utah (Fig. 2C).
Strati graphic data on the Burro Can yon For ma tion in
the Blanding re gion is al most com pletely lack ing, as very
lit tle re search has been done. Al though not fol lowed by sub -
se quent re search ers, Young (1960, fig. 12) com bined the
Burro Can yon For ma tion with the pre vi ously named Ce dar
Moun tain For ma tion. His sec tion 76 was mea sured in sec -
tion 12, T. 37 S., R. 22 E. about 5 km (3 miles) south of
Blanding and con sisted of three sand stone units to tal ling
about 30 m thick with his mid dle sand stone (Young, 1960,
fig. 12) cor re lated to the Poi son Strip Sand stone Mem ber of
the Ce dar Moun tain For ma tion in the Arches Na tional Park
re gion (Kirkland, 1997, 1999). A more de tailed strati -
graphic sec tion of com pa ra ble thick ness con sist ing mostly
of sand stone was de scribed by Kirby (2008) from a site
about 5 km (3 miles) north west of Blanding (Fig. 2A).
The basal unit of the Burro Can yon For ma tion is a
trough cross-bed ded con glom er atic sand stone that var ies
from about 1 m thick on the north end of the ob served out -
crop to more than 6 m thick about 100 m to the north. It
over lies the Mor ri son For ma tion un con form ably. The
tracksite is in a wavy to flat-bed ded me dium-grained sand -
stone 1–2 m thick that forms the top of the ex posed Burro
Can yon For ma tion at the tracksite lo cal ity (Fig. 2D). These
sand stones ap par ently rep re sent the lower Ce dar Moun tain
Sand stone of Young (1960). A sam ple of the track-bear ing
sand stone was sam pled for de tri tal zir cons to pro vide an es -
ti mate of the site’s max i mum age (Dickenson and Gehrels,
2008, 2010). The sam ple was pro cessed by Ap a tite to Zir -
con, Inc. in Vi ola, Idaho. The two youn gest zir con U-Pb
dates were 130.17 Ma and 131.03 Ma with five ad di tional
young zir cons rang ing in age from 139.57–137.68 Ma (the
com plete set of data is on file with the Utah Geo log i cal Sur -
vey). These ages are sur pris ingly old as the old est max i mum 
ages pub lished for Ce dar Moun tain For ma tion sand stones
from the up per Yel low Cat Mem ber have been about 124
Ma (Greenhalgh et al., 2006; Greenhalgh and Britt, 2007;
Britt et al., 2009). How ever, short ep i sodes of vol ca nic ac -
tiv ity have been doc u mented at 131 Ma and 139 Ma by
Hunt et al., (2011). A re cent study has dated the base of the
Yel low Cat Mem ber to 139.7 Ma, and the top of the Mem -
ber to 137.2 Ma, push ing the date even fur ther back and nar -
row ing the depositional gap to the Morrosin For ma tion
(Hendrix, 2015). The zir con data from the tracksite sand -
stone are in ter preted as rep re sent ing a pop u la tion of zir cons
post dat ing 130 Ma and pre dat ing 124 Ma and thus rep re -
sents a Barremian age for the lower sand stone of the Burro
Can yon For ma tion in the Blanding area (Ogg and Hinnov,
2012).
With the ex cep tion of a di no saur site high in the Burro
Can yon For ma tion, in strata equiv a lent to the Aptian-Albian
Ruby Ranch Mem ber of the Ce dar Moun tain For ma tion at
Ho tel Mesa on the east side of the Col o rado River north east
of Moab, Utah, near Dewey Bridge (Kirkland et al., 1997;
Tay lor et al., 2011), no fos sils had been pre vi ously re ported
from this for ma tion in Utah. All other re ports of Burro Can -
yon fos sils have been in west ern Col o rado and con sist of
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Fig. 1. The new White Mesa Tracksite (LACM 7710) in the
Burro Can yon For ma tion is lo cated in the south east ern cor ner of
Utah, near the towns of Blanding and White Mesa.
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Fig. 2. Stra tig ra phy and lo ca tion. A. Strati graphic sec tion of the Burro Can yon For ma tion north west of Blanding Utah. Use of
“Naturita” fol low ing Young (1960) and Car pen ter (2014), Data from Kirby (2008). B. Out crop viewed from the north east show ing dis tri -
bu tion of ma jor lithostratigraphic units. C. Map of south-east ern Utah with geo graphic re la tion ships of the Ce dar Moun tain and Burro
Can yon for ma tions in di cated. D. Strati graphic re la tion ships of ma jor lithostratigraphic units in B, and lo ca tion of the tracksite in di cated
by foot print sil hou ette.
rare com pressed plant fos sils, ganoid fish scales, fresh wa ter
molluscs, and ostracods (Stokes, 1952; Simmons, 1957;
Young, 1960).
TRACKS FROM THE WHITE MESA
TRACKSITE
All tracks from the White Mesa as sem blage were found 
at a con struc tion site where the trackbearing layer of sed i -
ments had been bro ken up and bull dozed, and thus their in -
di vid ual as so ci a tions could not be mapped. All tracks are
pre served as nat u ral casts, and as such their mode of pres er -
va tion is dif fer ent from tracks found at the Mill Can yon Di -
no saur Tracksite north of Moab, which is the larg est and
most di verse as sem blage pres ently known from the Ce dar
Moun tain For ma tion (Lockley et al. 2012, 2014a). As
shown in Fig ures 3–6 and Ta ble 1, 17 iden ti fi able in di vid -
ual tracks have been il lus trated. Six rep re sent theropods,
seven sauro pods, three or ni tho pods and one thyreophoran.
This dis tri bu tion can be taken as a crude proxy cen sus of the 
di no saur di ver sity rep re sented in this ichnoassemblage.
Theropod tracks
De scrip tion: Six mesaxonic tracks (5 tridactyl and 1
didactyl) – with long slen der digit im pres sions, were col -
lected. The tracks range in length from 19 to 57 cm; all of
them are lon ger than they are wide, width a length/width ra -
tion from 1.14–1.68 (Table 1) and some show ev i dence of
lat er ally com pressed claws (Fig. 3). The divarication an gle
be tween dig its II and IV in the spec i mens are low from
30–53°(Ta ble 1). Track D, is ap par ently didactyl, as the cast 
is com plete with out any ev i dence of a bro ken, or miss ing
digit (Fig. 3D). The metatarso-phalangeal re gion – the
“heel” of the tracks – is asym met ri cally de vel oped , with the 
pads of digit IV pro trud ing fur ther back ward than digit II.
Where pre served, the im pres sions of claws are short and tri -
an gu lar, and the claw of digit III is off-set to wards one side
(Fig. 3B). One track has a pe cu liar lat eral swell ing in the
mid-dis tal part of digit III, which dou bles the width of the
digit im pres sion (Fig. 3C).
 Dis cus sion: Tracks of theropod di no saurs are char ac -
ter ized by be ing func tion ally tridactyl, lon ger than wide,
with long, nar row, of ten ta per ing dig its usu ally end ing in
long, sharp claw im pres sions. The “heel” of the tracks, or to
say it more for mally, the area of the meta tar sal-phalangeal
joint, is asym met ri cally de vel oped, as the im pres sion of
digit IV ex tends fur ther back ward than the im pres sions of
dig its II and III (Moratalla et al., 1988; Thulborn, 1990;
Lockley, 1991; Castanera et al., 2013). The divarication an -
gle be tween dig its II and IV char ac ter is ti cally is 50–60°, but 
can be as low as 30° and up to 75° (Thulborn, 1990). Thero- 
pod trackways are typ i cally nar row-gauged, with high pace
angu la tions, ap proach ing 180° and a ten dency for the feet to 
show lit tle dis cern ible in ward ro ta tion (Moratalla et al.,
1988; Thulborn, 1990; Lockley, 1991). The tracks from the
White Mesa as sem blage are all tridactyl, mesaxonic, lon ger
than wide, with long slen der digit im pres sions ter mi nat ing
in claws, and a low divarication an gle be tween 30–53°, and
an asym met ri cally de vel oped meta tar sal-phalangeal joint.
This helps con fi dently iden tify the tracks as theropodan.
The larg est and best-pre served track as sem blage (Fig. 3A)
re sem bles the larg est morphotype found from the con tem -
po rary Mill Can yon Di no saur Tracksite (Lockley et al.,
2014a, b), which has been as signed to the ichnogenus Irene- 
sauripus. The other tridactyl tracks are vari able in shape, in
part due to preservational fac tors, and are not as signed to
any spe cific ichnotaxon.
In con trast to the typ i cal tridactyl mor phol ogy of most
theropod tracks, dromaeosaurian tracks have been shown to
be func tion ally didactyl, as re viewed by Lockley et al. (in
press). One ap par ently com plete and deeply im pressed
didactyl track could, very ten ta tively, be at trib uted to a dro-
maeosaurid (Fig. 3D). Al though pos si ble dromaeosaurid
tracks were re ported from iso lated im pres sions at the
Arches Na tional Mon u ment site (Lockley et al., 2004), the
only con vinc ing ex am ples of dromaeosaurid tracks (ichno-
ge nus Dromaeosauripus) pre served as clear trackways
come from the Mill Can yon Di no saur Tracksite (Lockley et
al., 2014a, b). These tracks are very slen der with di ag nos tic
dig i tal pad traces for dig its III and IV and other di ag nos tic
fea tures such as the prox i mal trace of digit II with out any
cor re spond ing dis tal trace. Al though we con sider the ap par -
ently didactyl cast il lus trated here – dif fi cult to iden tify with 
con fi dence, the only con firmed didactyl theropod (droma-
eosaurid) tracks from North Amer ica cur rently know are
from this time in ter val.
The lat eral swell ing in the mid-dis tal part of one of the
theropod tracks (Fig. 3C) could in di cate a patho log i cal con -
di tion. In ju ries to the dig its are known from a few oc cur -
rences of theropod tracks where the tracks bear di rect ev i -
dence of limp ing gaits and dis placed, or even miss ing, digit
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Ta ble 1
Mea sure ments of the de scribed tracks
Identification Figure LACMNr. Length Width L/W
Div°.
II-IV
Theropod 3A 154082 57 50 1.14 53
Theropod 3B 154073 43 36 1.19 30
Theropod 3C 154022 52 31 1.68 32
Theropod 3D 154071 27 19 1.42 -
Theropod 3E 154078 19 16 1.19 51
Theropod 3F 154081 29 20 1.42 46
Sauropod manus 4A 154083 29 51 0.57 -
Sauropod manus 4B 154075 39 49 0.80 -
Sauropod manus 4C 154074 33 42 0.79 -
Sauropod manus 4D 154088 14 22 0.64 -
Sauropod pes 4E 154087 36 28 1.29 -
Sauropod pes 4F - 65 51 1.27 -
Sauropod pes 4G - 76 49 1.55 -
Ornithopod 5A 154079 37 34 1.09 70
Ornithopod 5B 154086 32 30 1.07 68
Ornithopod 5C 154070 18 19 0.95 73
Thyreophor 6 154084 32 23 1.39 -
im pres sions (e.g., Ishigaki, 1986; Lockley, 1991; Lockley et 
al., 1994; McCrea et al., 2015). A well-pre served skel e ton
of a sub-adult Allosaurus fragilis Marsh from the Up per Ju -
ras sic Mor ri son For ma tion of Wy o ming shows a pa thol ogy
in the pedal pha lanx III-1 that has caused exosteal growth
and in flam ma tion of the pha lanx to such a de gree that it
must have en larged the di am e ter of the digit to the point of
rub bing against dig its II and IV (Hannah, 2002). With the
swell ing caused by the in flam ma tion of the soft tis sue, it is
likely that the an i mal would have pro duced a track sim i lar
to the one found in the Burro Can yon For ma tion (Fig. 3C).
Thus we care fully in ter pret the lat eral wid en ing of the digit
im pres sion as the re sult of a trauma of the digit III. How -
ever, as the track was found iso lated and not as part of a
trackway, the pos si bil ity that it rep re sents a lo cal preserva-
tional phe nom e non can not be ex cluded.
Sauropod tracks
De scrip tion: Seven sauropod tracks were re corded:
four manus and three pes print casts (Fig. 4). The manus
casts dif fer mor pho log i cally from each other in that they
range from wide and ba nana-shaped with a con cave pos te -
rior (Fig. 4A) to elon gate cres cent-shaped also with a con -
cave pos te rior (Fig. 4B), and to more hoof-shaped or semi-
cir cu lar (Fig. 4C, D). All show ev i dence of a short, trian-
gular, in ward-fac ing pollex claw. The manus tracks are up to
51 cm wide and are all sig nif i cantly wider than long (Ta ble 1).
The pes casts are vari able in shape, from elon gated
bean-shaped (Fig. 4G) to more rounded and subcircular
(Fig. 4F), to sub-tri an gu lar in shape (Fig. 4E). The two larg -
est casts show the di ag nos tic pentadactyl con fig u ra tion with 
the traces of digit I–III claws rec og niz able, though some -
what eroded (Fig. 4F,G).
Dis cus sion: Sauro pods show a strong de gree of het ero-
pody be tween their pes and manus tracks. The pes track is
elon gated, entaxonic, and can dis play from three to five
short out ward-ro tated digit im pres sions. The manus track is
cres cent shaped, nor mally with out in di ca tions of free dig its, 
ex cept for, in some gen era, a prom i nent in ward-di rected
pollex claw (Thulborn, 1990; Lockley, 1991; Lockley et al.,
1994b; Wright, 2005). The manus-pes size ra tio var ies from 
1:2 (Santos et al., 1994) up to 1:5 (Lockley et al., 1994b),
and sauropod trackways can be broadly di vided into wide-
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Fig. 3. Theropod tracks from the White Mesa Tracksite ex hibit large mor pho log i cal vari a tion, sug gest ing s dif fer ent trackmakers. A.
Large track with broad dig its (LACM-154082). B. Large track with rel a tively slen der and par al lel dig its (LACM-154073). C. Large track
with in ter preted patho log i cal swell ing on digit III, in di cated by ar rows (LACM-154322). D. Didactyl track of pos si ble dromaeosaurid af -
fin ity (LACM-154071). E. Small track with clear di vi sions be tween the in di vid ual dig its (LACM-154078). F. Small track with rel a tively
short dig its (LACM-154081). All spec i mens are re pro duced to same scale.
and nar row-gauge trackways (Lockley et al., 1994b). The
White Mesa spec i mens are all in ter preted as manus and pes
casts of dif fer ent sizes and per haps taxa of sauropod track-
mak ers, al though the pos si bil ity ex ists that the small spec i -
mens might orig i nate from non-sauropod trackmakers.
Ornithopod tracks
De scrip tion: Ornithopod tracks were found with
lengths from 18 to 37 cm and they are char ac ter ized by be -
ing about as wide as long, hav ing short, broad dig its with
blunt digit ter mi na tions. The divarication an gle be tween
dig its II and IV are high from 68°–73° (Ta ble 1). The “heel”
area is sym met ri cally rounded. All the col lected ornithopod
casts were some what eroded, and do not re veal much an a -
tom i cal de tails of the feet of the trackmakers (Fig. 5). 
Dis cus sion: Ornithopod tracks are tridactyl, mesaxonic 
and gen er ally as wide or wider than they are long, the dig its
are short and rounded and, when pres ent, the im prints of the
claws or unguals are blunt and rounded. The “heel” of the
tracks is sym met ri cally ta pered to rounded, or some times
with a bilobed mor phol ogy, and the divarication an gles be -
tween dig its II and IV are nor mally in ex cess of 60°. The
trackways are wider than those of theropods, with lower
pace angu la tions, and the feet of ten show an in ward ro ta tion 
(Moratalla et al., 1988; Thulborn, 1990; Lockley, 1991).
The White Mesa spec i mens, with their high divarica-
tion an gle, short, blunt dig its, and gen eral di men sions with a 
length/width re la tion close to 1 (Ta ble 1), fall well within
the morphospace that char ac ter ize ornithopod tracks (e.g.,
Moratalla et al., 1988; Thulborn, 1990; Lockley, 1991,
Castanera et al., 2013). The me dium- and larg est-sized casts 
are mor pho log i cally sim i lar to the ornithopod tracks from
the Mill Can yon Di no saur Tracksite, al though the lat ter are
pre served as im pres sions, not casts. They rep re sent small to
me dium-sized an i mals.
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Fig. 4. Casts of sauropod manus prints (A–D) con sist ing of three dis tinct morphologies. A. Nar row, ba nana-shaped (LACM-154083).
B. Cres cent-shaped (LACM-154075). C. Large hoof-shaped (LACM-154074). D. Small hoof-shaped (LACM-154088). All manus casts
show ev i dence of a short, in ward-fac ing pollex claw (ar rows). Pes casts rang ing from 32 cm to 72 cm in length (E–G). E. Small sauropod
pes cast with weak in di ca tions of digit im pres sions (LACM-154087). F. Large sub-cir cu lar pes cast with clear ev i dence of short out -
ward-ro tated dig its. G. Large bean-shaped pes cast with in di ca tions of short, blunt dig its. All spec i mens are re pro duced to same scale
? Thyreophoran track
De scrip tion: Only a sin gle pre sumed thyreophorean
track was found at the White Mesa Tracksite. It is a nat u ral
cast of elon gate track with ev i dence of three short, blunt
dig its (Fig. 6). The cast is mesaxonic, sub-tri an gu lar in
shape, be ing wid est across the digit im pres sions and ta per -
ing to wards the “heel”. The spec i men mea sures 32 cm in
length and is 23 cm across the wid est point. The dis tal parts
of the dig its are im pressed to a depth of 13 cm and the cast
grad u ally shal lows to 6 cm at the heel area.
Dis cus sion: Thyreophorean and es pe cially stego saur
tracks are poorly known in the fos sil re cord, and some con -
fu sion ex ists about the iden ti fi ca tion of stego saur tracks
(Thulborn, 1990; Whyte and Romano, 1994, 2001; Lockley
and Hunt, 1998; Long, 1998; Gierlinski and Sabath, 2002,
2008; Lires et al., 2002; García-Ramos et al., 2006, 2008;
Whyte et al., 2007; Lockley et al., 2008; Mil´n and
Chiappe, 2009; Mateus et al., 2011; Xing et al., 2013). The
tracks named as Deltapodus brodricki (Whyte and Romano, 
1994, 2001) how ever, are a close fit for the flesh-out mor -
phol ogy of the stego saur pedal skel e ton. Deltapodus is
char ac ter ized by entaxonic, cres cent shaped manus im pres -
sion that is ap prox i mately twice as wide as long, and may
have the im pres sion of an in ward di rected pollex claw. The
pes of Deltapodus is gen er ally tri an gu lar to sub-tri an gu lar
in out line, tridactyl and mesaxonic, with im pres sions of
short, bluntly rounded dig its and a max i mum width across
the base of the digit im pres sions (Whyte and Romano,
1994). Other tracks at trib uted to thyreophoreans have lon -
ger dig its on the pes, are tetradactyl, and have pentadactyl
manus prints and in clude the ichnogenera Stegopodus and
Tetrapodosaurus which ap pears to be less com mon glob ally 
than Deltapodus (Lockley and Hunt, 1998; Mil´n and
Chiappe, 2009; Cobos et al., 2010). Based on the mor phol -
ogy of the cast, we ten ta tively in ter pret the White Mesa
spec i men as a Deltapodus pes cast.
DIS CUS SION
Stra tig ra phy and sedimentology
The sedimentological con text of the tracks, at the top of
the first ma jor depositional unit of the Burro Can yon For -
ma tion, in di cates that they were formed af ter the first in flux
of Burro Can yon sed i ments: i.e., at the top of a fin ing-up -
ward se quence; they rep re sent the first hi a tus in de po si tion.
This is a com mon sedimentological con text for track pres er -
va tion. As noted be low, al though the stra tig ra phy of this re -
gion is poorly known, with the Burro Can yon For ma tion be -
ing a gen er al ized name for the cor re spond ing lithostratigra-
phic unit south and east of the Col o rado River, and the Ce -
dar Moun tain For ma tion be ing the name used for par tially
equiv a lent units to the north and west, it is pos si ble to in fer
the re la tion ship of this unit to units in the better known Ce -
dar Moun tain For ma tion, and to com pare the ichnofaunas
from the two ar eas.
Fauna com po si tion
The de scribed track fauna in di cates a di verse dino saur -
ian fauna, com pris ing theropods, sauro pods, or ni tho pods,
and pos si bly thyreophorans. The theropod tracks vary in
size from small (19 cm) to very large (57 cm), and a pos si ble 
didactyl track from a large dromaeosaurid (Fig. 3D) is also
pres ent. Sauro pods are rep re sented by tracks with pes
lengths of 36–72 cm, and three dis tinct shapes of manus
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Fig. 5. Three nat u ral casts of ornithopod tracks. De spite their
dif fer ent sizes, their over all di men sions are very sim i lar. A.
LACM-154079. B. LACM-154086. C. LACM-154070. All spec i -
mens re pro duced to same scale.
Fig. 6. Pos si ble thyreophoran track cf. Deltapodus (LACM-
154084) with high lighted out line show ing the char ac ter is tic delta
shape with short, blunt dig its.
tracks (Fig. 4). Ornithopod tracks from 18– 37 cm in length
in di cate small to me dium-sizes an i mals (Fig. 5). The thero-
pod, sauropod and ornithopod tracks all in di cate con sid er -
able vari abil ity in the size of the an i mals rep re sent ing these
three groups. The dif fer en tial size and mor phol ogy of the
theropod and sauropod casts could in di cate dif fer ent track-
mak ing taxa, dif fer ent sizes (or age groups) of sin gle taxa,
or a com bi na tion of both size and dif fer ent track-maker tax -
on o mies.
Col lec tively the ichnofauna from the Burro Can yon
For ma tion in di cates a di verse fauna in which the ma jor
dino saur ian groups were rep re sented by sev eral an i mals of
vari able size and sig nif i cant tax o nomic di ver sity. 
The con tem po rary Ce dar Moun tain For ma tion in the vi -
cin ity of Arches Na tional Park (125 km north of our study
site) has pro duced abun dant Lower Cre ta ceous ver te brates
in re cent years from sev eral strati graphic in ter vals span ning
the Barremian to the Albian (Kirkland et al, 1997, 1999;
Kirkland and Madsen, 2007; Britt et al., 2009, Sprinkel et
al., 2012). Aubrey (1996, 1998) has ar gued that the low er -
most, sand stone-dom i nated por tion of the Burro Can yon
For ma tion in Col o rado con tains no Lower Cre ta ceous fos -
sils and intertongues with smectitic muds of the Brushy Ba -
sin Mem ber of the Mor ri son For ma tion, and con cludes that
these rocks should be placed within the Mor ri son For ma -
tion. This au thor (Aubrey, 1998; Ayers, 2004) has used a
prom i nent cal crete to sep a rate the Lower Cre ta ceous from
the un der ly ing Ju ras sic, but across cen tral Utah a di verse di -
no saur fauna has been re cov ered well be low the cal crete
(Mc Don ald et al., 2010; Senter et al., 2010, 2012; Kirkland
et al., 2012) and the Ju ras sic-Cre ta ceous bound ary is de -
fined on the pres ence of gravel-sized (~ 1 cm) peb bles as an
im por tant com po nent of the strata, where a lat er ally ex ten -
sive basal con glom er ate is ab sent (Kirkland and Madsen,
2007; Hunt et al, 2011; Sprin kle et al., 2012). 
Given the Barremian age of the White Mesa Tracksite,
and its po ten tial cor re la tion with the lower part of the Yel -
low Cat Mem ber of the Ce dar Moun tain For ma tion, it is
pos si ble to re strict the di no saur groups rep re sented by the
tracks at this lo cal ity to tax o nomic groups known from skel -
e tal re mains in the Barremian “lower” Yel low Cat Mem ber
of cen tral Utah. These di no saurs in clude the dromaeosau-
rids Utahraptor ostrommaysorum and Yorgovuchia doel-
lingi, the troodontid Geminirator suarezarum, the therizino- 
sauroids Falcarius utahensis and Martharaptor greenrive-
rensis, a large allosauroid, basal macronarian and titansauri- 
form sauro pods, polacanthid ankylosaurs, and prim i tive
iguanodonts such as Iguanacolosus fortis and Hippodraco
scutodens (Kirkland et al., 2005, 2012; Mc Don ald et al.,
2010; Senter et al., 2010, 2012).
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Fig. 7. The cur rently known, mid-Me so zoic di no saur fau nas of Utah. The tracks from the White Mesa Tracksite cor re spond in age and
com po si tion to the fauna known from the Yel low Cat Mem ber of the Ce dar Moun tain For ma tion. Mod i fied from Kirkland and Farlow
(2012).
CON CLU SIONS
The new ichnoassemblage re ported from the White
Mesa Tracksite com prises the first de scribed di no saur
tracks from the Lower Cre ta ceous Burro Can yon For ma -
tion. This ichnofauna is com posed of dif fer ent-sized tracks
be long ing to theropods, sauro pods, or ni tho pods, and pos si -
ble thyreophorans. The age of the track-bear ing layer is in -
ter preted to be Barremian (Lower Cre ta ceous), based on zir -
con U-Pb geo chron ol ogy. This layer is thus in ter preted as
con tem po rary with the Yel low Cat Mem ber of the Ce dar
Moun tain For ma tion. One large theropod track with a pe cu -
liar lat eral swell ing in the mid dle part of digit III is in ter -
preted as ev i dence of a pos si ble patho log i cal con di tion. A
track ten ta tively in ter preted as Deltapodus is the sec ond re -
ported oc cur rence of the ichnogenus in the Cre ta ceous as all 
but one pre vi ous re ports have been from the Mid dle to Late
Ju ras sic. The new ichnoassemblage com prises a sim i lar di -
ver sity of di no saurs as the di no saur fauna of the Yel low Cat
Mem ber of the Ce dar Moun tain For ma tion, thus dem on -
strat ing that the hith erto un known di no saur fauna of the
Burro Can yon For ma tion in south-east ern Utah is con sis tent 
with that found in cor re la tive units of the Ce dar Moun tain
For ma tion of east-cen tral Utah.
 Ac knowl edge ments
We are grate ful to Tom and Angie Thornbury whose sup port
made the ex pe di tion where the tracks were found pos si ble, and to
all the mem bers of the Thornbury Di no saur Ex pe di tion of the Nat -
u ral His tory Mu seum of Los An geles County who helped col lect
and carry the tracks in the field. The ma te rial was col lected un der
per mits UT-07-015S and UT-08-010E from the Bu reau of Land
Man age ment, Utah. Rob Gay kindly pro vided field as sis tance.
Steph a nie Abramowicz is thanked for her graph i cal as sis tance. Al -
fred Uchman is thanked for his ini tia tive to edit this spe cial vol -
ume in hon our of Rich ard G. Bromley and Ulla Asgaard. We are
grate ful to the crit i cal re views by James O. Farlow, Hendrik Klein, 
and An thony. J. Mar tin.
REF ER ENCES
Aubrey, W. M., 1996. Strati graphic ar chi tec ture and deformatio-
nal his tory of Early Cre ta ceous fore land ba sin, east ern Utah
and south west Col o rado. In: Huffman, A. C., Lund, W. R. &
Godwin, L. H. (eds), Ge ol ogy and Re sources of the Par a dox
Ba sin. Utah Geo log i cal As so ci a tion Guide book, 25: 211–220.
Aubrey, W. M., 1998. A newly dis cov ered, wide spread flu vial fa -
cies and un con formity mark ing the Up per Ju ras sic/Lower
Cre ta ceous bound ary, Col o rado Pla teau. In: Car pen ter, K.,
Chure, D. & Kirkland, J. I. (eds), The Up per Ju ras sic Mor ri -
son For ma tion – An in ter dis ci plin ary study, Part I. Mod ern
Ge ol ogy, 22: 209–233.
Ayers, J. D., 2004. Lithological Ev i dence of the Ju ras sic/Cre ta -
ceous Bound ary within the Nonmarine Ce dar Moun tain For -
ma tion, San Rafael Swell, Utah. Un pub lished MSc. The sis,
Ohio Uni ver sity, Ath ens, 189 pp.
Britt, B. B., Eberth, D. A., Scheetz, R., Greenhalgh, B. W. &
Stadtman, K. L., 2009. Taphonomy of de bris-flow hosted di -
no saur bonebeds at Dal ton Wells, Utah (Lower Cre ta ceous,
Ce dar Moun tain For ma tion, USA). Palaeo ge ogra phy, Pala-
eoclimatology, Palaeo ec ol ogy, 280: 1–22.
Car pen ter, K., 2014. Where the sea meets the land: The un re solved 
Da kota prob lem in Utah. In: MacLean, J. S., Biek, R. F. &
Huntoon, J. E. (eds), Ge ol ogy of Utah’s far South. Utah Geo -
log i cal As so ci a tion Pub li ca tion, 43: 357–372.
Castanera, D., Pascual, C., Razzolini, N. L., Vila, B., Barco, J. L.
& Canudo, J. I., 2013. Dis crim i nat ing be tween me dium-sized
tridactyl trackmakers: Track ing ornithopod tracks in the base
of the Cre ta ceous (Berriasian, Spain). PLoS ONE, 8(11):
e81830.
Cobos, A., Royo-Torres, R., Luque, L., Alcala, L. & Mampel, L.,
2010. An Ibe rian stego saurs par a dise: the Villar del Arzo-
bispo For ma tion (Tithonian–Berriasian) in Teruel (Spain).
Paleogeography, Paleoclimatology, Paleoecology, 293: 223– 
236.
Craig, L. C., 1981. Lower Cre ta ceous rocks, south west ern Col o -
rado and south east ern Utah. In: Wiegand, D.L. (ed.), Ge ol ogy 
of the Par a dox Ba sin, 1981 Field Con fer ence Rocky Moun -
tain As so ci a tion of Ge ol o gists. Rocky Moun tain As so ci a tion
of Ge ol o gists (RMAG), Den ver, Col o rado., pp. 195–200.
www.pubs.usgs.gov/bul/b2158/B2158-7.pdf
Dickenson, W. R. & Gehrels, G. E., 2008. Use of U-Pb ages of de -
tri tal Zir cons to in fer max i mum depositional ages of strata: A
test against a Col o rado Pla teau da ta base. Earth and Plan e tary 
Sci ences Let ters, 288: 115–125.
Dickenson, W. R. & Gehrels, G. E., 2010. Syn op tic Re cord in
space and time of prov e nance re la tions for Me so zoic strata in
south cen tral Utah from U-Pb ages of de tri tal zir cons. In: Car -
ney, S. M., Tabet, D. E. & John son, C. L. (eds), Ge ol ogy of
South-Cen tral Utah. Utah Geo log i cal As so ci a tion Pub li ca -
tion, 39: 178–193.
García-Ramos, J. C., PiÔuela, L. & Lires, J., 2006. At las del
Jurásico de Asturias. Ediciones No bel, Oviedo, 225 pp.
García-Ramos, J. C., PiÔuela, L., Ruiz-OmeÔaca, J. I. & Pereda-
Suberbiola, X., 2008. Costas Jurásicas frecuentas por estego-
saurios. In: OmeÔaca, J. I., PiÔuela, L. & García-Ramos, J. C.
(eds), Libro de resúmes de las XXIV Jornadas de la Sociedad
Española de Paleontología. Colunga, Asturias. Museo del
Jurásico de Asturias, Colunga, pp. 33–34.
Gierlinski, G. & Sabath, K., 2002. A prob a ble stegosaurian track
from the Late Ju ras sic of Po land. Acta Palaeontologica Polo-
nica, 47: 561–564.
Gierlinski, G. D. & Sabath, K., 2008. Stegosaurian foot prints from 
the Mor ri son For ma tion of Utah and their im pli ca tions for in -
ter pret ing other ornithischian tracks. Oryctos, 8: 29–46.
Greenhalgh, B. & Britt, B. B., 2007. Stra tig ra phy and sedimen-
tology of the Mor ri son/ Ce dar Moun tain formational bound -
ary, east-cen tral Utah. In: Wil lis, G. C., Hylland, M. D.,
Clark, D. L. & Chidsey T. C., Jr. (eds), Cen tral Utah — Di -
verse Ge ol ogy of a Dy namic Land scape. Utah Geo log i cal As -
so ci a tion Pub li ca tion, 36: 81–100.
Greenhalgh, B. W., Britt, B. B. & Kowallis, B. J., 2006. New U-Pb 
age con trol for the lower Ce dar Moun tain For ma tion and an
eval u a tion of the Mor ris For ma tion/Ce dar Moun tain For ma -
tion Bound ary, Utah. Geo log i cal So ci ety of Amer i can Ab -
stracts with Pro grams, 38: 52.
Hannah, R. R., 2002. Mul ti ple in jury and in fec tion in a sub-adult
theropod di no saur Allosaurus fragilis with com par i sons to
allosaur pa thol ogy in the Cleve land-Lloyd Di no saur Quarry
Col lec tion. Jour nal of Ver te brate Pa le on tol ogy, 22: 76–90.
Hendrix, B., 2015. A new ap proach to date paleosols in ter res trial
strata: a case of study us ing U-Pb zir con ages for the Yel low
Cat Mem ber of the Ce dar Moun tain For ma tion of East ern
Utah. Geo log i cal So ci ety of Amer ica, Ab stracts with Pro -
grams, 47(7):[https://gsa.confex.com/gsa/ 2015AM/ webpro-
DI NO SAUR TRACKS FROM THE BURRO CAN YON FORMATION 523
gram/Paper269057.html].
Hunt, G. J., Lawton, T. F. & Kirkland, J. I., 2011. De tri tal zir con
U-Pb geo chron ol ogi cal prov e nance of Lower Cre ta ceous
strata, fore land ba sin, Utah. In: Sprinkel, D. A., Yonkee, W.
A. & Chidsey, T. C., Jr. (eds), Sevier thrust belt: north ern and
cen tral Utah and ad ja cent ar eas. Utah Geo log i cal As so ci a tion
Pub li ca tion, 40: 193–211.
Ishigaki, S., 1986. Di no saur foot prints of the At las Moun tains. Na -
ture Study, 32: 6–9 [in Jap a nese.]
Kirby, S., 2008. Geo logic and hydrologic char ac ter iza tion of the
Da kota-Burro Can yon aqui fer near Blanding, San Juan
County, Utah. Utah Geo log i cal Sur vey, Spe cial Study, 123,
48 pp.
Kirkland, J. I., Britt, B., Burge, D. L., Car pen ter, K., Cifelli, R.,
DeCourten, F., Eaton, J., Hasiotis, S. & Lawton, T., 1997.
Lower to Mid dle Cre ta ceous di no saur fau nas of the cen tral
Col o rado Pla teau: a key to un der stand ing 35 mil lion years of
tec ton ics, sedimentology, evo lu tion, and biogeography. In:
Link, P. K. & Kowallis, B. J. (eds), Me so zoic to Re cent ge ol -
ogy of Utah. Brigham Young Uni ver sity Ge ol ogy Stud ies, 42:
69–103. 
Kirkland, J. I., Cifelli, R., Britt, B., Burge, D. L., DeCourten, F.,
Eaton, J. & Parrish, J. M., 1999. Dis tri bu tion of Ver te brate
fau nas in the Ce dar Moun tain For ma tion, east-cen tral Utah:
In: Gillette, D. (ed.), Ver te brate pa le on tol ogy in Utah. Utah
Geo log i cal Sur vey, Mis cel la neous. Pub li ca tions, 99: 201–217.
Kirkland, J. I., DeBlieux, D., Madsen, S. K. & Hunt, G. J., 2012.
New di no saurs from the base of the Cre ta ceous in east ern
Utah sug gest that the “so-called” basal Cre ta ceous cal crete in
the Yel low Cat Mem ber of the Ce dar Moun tain For ma tion,
while not mark ing the Ju ras sic-Cre ta ceous un con formity rep -
re sents evo lu tion ary time. Jour nal of Ver te brate Pa le on tol -
ogy, Ab stracts and Programme, 18: 121–122.
Kirkland, J. I. & Farlow, J. O., 2012. Di no saurs and geo log i cal
time. In: Brett-Surman, M. K., Holtz, T. R. & Farlow, J. O.
(eds), The Com plete Di no saur. In di ana Uni ver sity Press,
Bloomington, pp. 224–245.
Kirkland, J. I. & Madsen, S. K., 2007. The Lower Cre ta ceous Ce -
dar Moun tain For ma tion of east ern Utah: The view up an al -
ways in ter est ing learn ing curve. In: Lund, W. R. (ed.), Field
Guide to Geo log i cal Ex cur sions in South ern Utah, Geo log i cal
So ci ety of Amer ica Rocky Moun tain Sec tion 2007 An nual
Meet ing. Utah Geo log i cal As so ci a tion Pub li ca tion, 35: 1–108.
Kirkland, J. I., Zanno, L. E., Sampson, S. D., Clark, J. M. &
DeBlieux, D. D., 2005. A prim i tive therizinosauroid di no saur
from the Early Cre ta ceous of Utah. Na ture, 435: 84–87.
Lires, J., García-Ramos, J. C. & PiÔuela, L. 2002. Ichnitas de
estegosaurios en los ambientes deltacios del Jurásico Su pe rior 
de Asturias. In: Pérez-Lorente (ed.), Libro de resúmenes del
Congreso Internacional sobre Dinosaurios y otros Rep tiles
Mesozoices de EspaÔa, LogroÔo. Logroño, pp. 30–31.
Lockley, M., 1991. Track ing Di no saurs. A New Look at an An cient
World. Cam bridge Uni ver sity Press, Cam bridge, 238 pp.
Lockley, M. G., Buckley, L. G., Fos ter, J. R., Kirkland, J. I. &
DeBlieux, D. D., 2015. First re port of bird tracks (Aquati-
lavipes) from the Ce dar Moun tain For ma tion (Lower Cre ta -
ceous), east ern Utah. Palaeo ge ogra phy, Palaeoclimatology,
Palaeo ec ol ogy, 420: 150–162.
Lockley, M. G., Farlow, J. O. & Meyer, C. A., 1994. Brontopodus
and Parabrontopodus ichnogen. nov. and the sig nif i cance of
wide- and nar row-gauge sauropod trackways. Gaia, 10:
135–146.
Lockley, M. G., García-Ramos, J. C., Pinuela, L. & Avanzini, M.
2008. A re view of ver te brate track as sem blages from the Late
Ju ras sic of Asturias, Spain with com par a tive notes on co eval
ichnofaunas from the west ern USA: im pli ca tions for fau nal
di ver sity in as so ci a tion with siliciclastic fa cies as sem blages.
Oryctos, 8: 53–70.
Lockley, M. G., Gierlinski, G., Breithaupt, B., Matthews, N., Fos -
ter, J., Kirkland, J. Lim, J. D. & Kim, K. S., 2012. Com par i -
sons be tween Ce dar Moun tain and Da kota ichnofaunas of the
west ern USA: im pli ca tions for cor re la tions with east Asia. In: 
Huh, M., Kim H.-J. & Park, J. Y. (eds), The 11th Me so zoic
Ter res trial Eco sys tems Ab stracts vol ume (Au gust 15-18). Ko -
rea Di no saur Re search Cen ter, Chonnam Na tional Uni ver sity, 
Gwangju, p. 461.
Lockley, M. G., Gierlinski, G., Dubicka, Z, Breithaupt, B. H. &
Matthews N. A., 2014a. A new di no saur tracksites in the Ce -
dar Moun tain For ma tion (Cre ta ceous) of eastern Utah. New
Mex ico Mu seum of Nat u ral His tory and Sci ence, Bul le tin, 62: 
279–285.
Lockley, M. G., Gierlinski, G. D., Houck. K. Lim J-DF., Kim,
K-S., Kim D. Y., Kim, T. K., Kang, S. H., Hunt Fos ter, R., Li, 
R., Chesser, C., Gay, R., Dubicka, Z., Cart, K. & Wright, C.,
2014b. New ex ca va tions at the Mill Can yon Di no saur Track
Site (Ce dar Moun tain For ma tion, Lower Cre ta ceous) of East -
ern Utah. New Mex ico Mu seum of Nat u ral His tory and Sci -
ence, Bul le tin, 62: 287–300.
Lockley, M. G., Har ris J. D., Li, R., Xing, L., & van der Lubbe, T.
In press. Two-toed tracks through time: on the trail of “rap -
tors” and their al lies. In: Falkingham, P. O., Marty, D. &
Rich ter, A. (eds), Di no saur Tracks: Next Steps. In di ana Uni -
ver sity Press, Bloomington, 520 pp.
Lockley, M. G. & Hunt, A. P., 1998. A prob a ble stego saur track
from the Mor ri son For ma tion of Utah. Mod ern Ge ol ogy, 23:
331–342.
Lockley, M. G., Hunt, A. P., Moratalla, J. & Matsukawa, M.,
1994a. Limp ing di no saurs? Trackway ev i dence for ab nor mal
gaits. Ichnos, 3: 193–202.
Lockley, M. G., Kirkland, J., DeCourten, F. & Hasiotis, S., 1999.
Di no saur tracks from the Ce dar Moun tain For ma tion of East -
ern Utah: a pre lim i nary re port. Utah Geo log i cal Sur vey. Mis -
cel la neous Pub li ca tions, 99: 253–257. 
Lockley, M. G., White, D., Kirkland, J. & Santucci, V., 2004 Di -
no saur Tracks from the Ce dar Moun tain For ma tion (Lower
Cre ta ceous), Arches Na tional Park, Utah. Ichnos, 11: 285–293.
Long, J. A., 1998. Di no saurs of Aus tra lia and New Zea land and
Other An i mals of the Me so zoic Era. Har vard Uni ver sity
Press, Cam bridge, Mas sa chu setts, 188 pp.
Ludvigson, G. A., Joeckel, R. M., González, L. A., Gulbranson, E.
I., Rasbury, E. T., Hunt, G. J., Kirkland, J. I. & Madsen, S.,
2010. Cor re la tion of Aptian-Albian car bon iso tope ex cur sions 
in con ti nen tal strata of Cre ta ceous Fore land Ba sin of east ern
Utah. Jour nal of Sed i men tary Re search, 80: 955–974.
Mc Don ald, A. T., Kirkland, J. I., DeBlieux, D. D., Madsen. S. K.,
Cavin, J., Milner, A. R. & Panzarin, L., 2010. New basal
iguanodonts from the Ce dar Moun tain For ma tion of Utah and
the evo lu tion of thumb-spiked di no saurs. PloS One 5, e14075.
McCrea, R. T., Tanke, D. H., Buckley, L. G., Lockley, M. G.,
Farlow, J. O., Xing, L., Matthews, N. A., Helm, C. W., Pem -
ber ton, G. & Breithaupt, B., 2015. Ver te brate ichnopatho-
logy: Pa thol o gies in ferred from di no saur tracks and track-
ways from the Me so zoic, Ichnos, 22: 235–260
Mateus, O., Mil´n, J., Romano, M., Whyte, M. A., 2011. New
finds of stego saur tracks from the Up per Ju ras sic Lourinh±
For ma tion, Por tu gal. Acta Palaeontologica Polonica, 56:
651–658.
Mil´n, J. & Chiappe, L .M., 2009: First Amer i can re cord of the Ju -
ras sic ichnogenus Deltapodus and a re view of the fos sil re -
cord of stegosaurian foot prints. The Jour nal of Ge ol ogy, 117:
524 J. MILN ET AL.
343–348.
Mont gom ery, E., 2014. Limnogeology and Chemostratigraphy of
Car bon ates and Or ganic Car bon from the Ce dar Moun tain
For ma tion (CMF), East ern Utah. Un pub lished MSc. The sis,
San An to nio, Uni ver sity of Texas at San An to nio, 68 pp.
Moratalla, J. J., Sanz, J. L. & Jimenez, S., 1988. Multivariate anal -
y sis on Lower Cre ta ceous di no saur foot prints: Dis crim i na tion 
be tween or ni tho pods and theropods. Geobios, 21: 395–408.
Ogg, J. G. & Hinnov L. A., 2012. Chap ter 27, Cre ta ceous. In:
Gradstein, F. M., Ogg, J. G., Schmitz, M. D. & Ogg, G. M.
(eds), The Geo logic Time Scale. Elsevier, Am ster dam, pp.
793–853. 
Santos, V. F., Lockley, M. G., Meyer, C. A., Carvalho, J., Galopim 
de Carvalho, A. M. & Moratalla, J. J., 1994. A new sauropod
tracksite from the Mid dle Ju ras sic of Por tu gal. Gaia, 10:
5–13.
Senter P., Kirkland, J. I., Bird, J. & Bart lett, J. A., 2010. A new
troodontid theropod di no saur from the Lower Cre ta ceous of
Utah. PLoS ONE 5, e14329.
Senter P, Kirkland, J. I., DeBlieux, D. D., Madsen, S. & Toth, N.,
2012. New dromaeosaurids (Dinosauria: Theropoda) from the 
Lower Cre ta ceous of Utah, and the evo lu tion of the Dromaeo- 
saurid tail. PLoS ONE 7, e36790.
Simmons, G. C., 1957. Con tact of the Burro Can yon For ma tion
with Da kota Sand stone, Slick Rock Dis trict, Col o rado and
cor re la tion of Burro Can yon For ma tion. Amer i can As so ci a -
tion of Pe tro leum Ge ol o gists Bul le tin, 41: 2519–2529.
Sprinkel, D. A., Madsen, S. K., Kirkland, J. I., Waanders, G. L. &
Hunt, G. J., 2012. Ce dar Moun tain and Da kota for ma tions
around Di no saur Na tional Mon u ment – ev i dence of the first
in cur sion of the Cre ta ceous West ern In te rior Sea way into
Utah. Utah Geo log i cal Sur vey Spe cial Study, 143, 21 pp.
Stokes, W. L., 1949. Mor ri son and re lated de pos its in and ad ja cent 
to the Col o rado Pla teau. Geo log i cal So ci ety of Amer ica Bul le -
tin, 55: 951–992.
Stokes, W. L., 1952. Lower Cre ta ceous in Col o rado Pla teau. As so -
ci a tion of Pe tro leum Ge ol o gists Bul le tin, 36: 1766–1776.
Stokes, W. L. & Phoe nix, D. A., 1948, Ge ol ogy of the Egnar -
Gyp sum Val ley area, San Miguel and Montrose Coun ties,
Col o rado. U.S. Geo log i cal Sur vey Oil and Gas In ven tory,
Pre lim i nary Map 93. 
Tay lor, M. P., Wedel, M. J. & Cifelli, R. L., 2011. A new sauropod 
di no saur from the Lower Cre ta ceous Ce dar Moun tain For ma -
tion, Utah, USA. Acta Palaeontologica Polonica, 56: 75–98.
Thulborn, T., 1990. Di no saur Tracks. Chap man & Hall, Lon don,
410 pp. 
Whyte, M. A. & Romano, M., 1994. Prob a ble sauropod foot prints
from the Mid dle Ju ras sic of York shire, Eng land. Gaia, 10:
15–26.
Whyte, M. A. & Romano, M., 2001, Prob a ble stegosaurian di no -
saur tracks from the Saltwick For ma tion (Mid dle Ju ras sic) of
York shire, Eng land. Pro ceed ings of the Ge ol o gist´s As so ci a -
tion, 112: 45–54.
Whyte, M. A., Romano, M. & Elvidge, D. J., 2007. Re con struc tion 
of Mid dle Ju ras sic di no saur-dom i nated com mu ni ties from the 
ver te brate ichnofauna of the Cleve land Ba sin of York shire,
UK. Ichnos, 14: 117–129.
Wright, J. L., 2005. Steps in un der stand ing sauropod bi ol ogy. In:
Curry, R. K. A. & Wil son, J. A. (eds), The Sauro pods Evo lu -
tion and Paleobiology. Uni ver sity of Cal i for nia Press, Berke -
ley, pp. 252–285. 
Wright, J. L., Kirkland, J. I., Fos ter, J. R., Deblieux, D. D. &
Gaston, R., 2006. Ear li est known bird tracks from the Ce dar
Moun tain For ma tion, Utah. Jour nal of Ver te brate Pa le on tol -
ogy, 26: 141A.
Xing. L., Lockley, M. G., McCrea, R. T., Gierlinski, G., Buckley,
L. , Zhang, J. Qi, L. & Jia C., 2013. First re cord of Deltapodus
tracks from the Lower Cre ta ceous of China. Cre ta ceous Re -
search, 42: 55–65. 
Young, R. G., 1960, Da kota Group of Col o rado Pla teau. Amer i can 
As so ci a tion of Pe tro leum Ge ol o gists Bul le tin, 44: 158–194.
DI NO SAUR TRACKS FROM THE BURRO CAN YON FORMATION 525
